We reviewed 153 peer-reviewed sources to provide identification of modern supply chain management techniques and exploration of supply chain modeling, to offer decision support to managers. Ultimately, the review is intended to assist member-companies of supply chains, mainly producers, improve their current management approaches, by directing them to studies that may be suitable for direct application to their supply chains and value chains for improved efficiency and profitability. We found that information on supply chain management and modeling techniques in general is available. However, few Canadian-based published studies exist regarding a demand-driven modeling approach to value/supply chain management for wood pellet production. Only three papers were found specifically on wood pellet value chain analysis. We propose that more studies should be carried out on the value chain of wood pellet manufacturing, as well as demand-driven management and modeling approaches with improved demand forecasting methods.
Introduction
In a time of great uncertainty and drastic change in the global forestry industry, many companies have found it necessary to shift away from manufacturing conventional forest products and refocus their attention on value-added forest products as well as managing waste (wood) more efficiently. Specifically, the creation of renewable fuel sources for the production of energy, such as wood pellets, has become very popular in recent years [1, 2] . Wood pellets have many advantages, including high density and heat value and low moisture content, and are relatively convenient to transport and store [3, 4] . Wood pellets are used for both residential and industrial purposes for the production of heat and/or electricity. There has been an increase in global demand for wood pellets and Canada has responded to this increase by exporting large volumes of wood pellets overseas [5] . A number of wood pellet production plants are emerging globally, thereby creating more competition. Canada is currently among the top producers and exporters of wood pellets [6, 7] but due to this increased competition, Canadian manufacturers must find ways to stay competitive in the global market. One way this competitive edge can be achieved is by optimizing production and logistics within the value chain [8] .
This paper provides a review of the literature surrounding wood pellet production, the value chain, supply chain, and wood pellet market analysis. Specifically, the four objectives of this paper are (i) to review wood pellet characteristics and production, (ii) to describe and examine the (wood pellet) value chain and the supply chain, (iii) to summarize the broad scope of varying types of value chain and supply chain mathematical modeling approaches, and (iv) to offer our perspective on the gaps in the literature within these three objectives as avenues for potential future research. These four broad objectives contain multiple subobjectives as well. Under objective (i), the components of wood pellet production and the most valuable characteristics of wood pellets will be examined, including modernized certification standards. Objective (ii) will contain a comparison and examination 2 Journal of Renewable Energy of the benefits and hurdles of demand-driven value chain and supply chain management approaches. The importance of demand forecasting to combat uncertainty and enhance leanness and agility within the value chain and supply chain will be evaluated, and a synopsis of the wood pellet market will also be included under this objective. Objective (iii) will highlight the number of specific value chain studies found within the various mathematical modeling approaches.
Value Chain is a concept introduced by Porter [9] that describes a chain of key activities performed within an organization that generates value relating to a product (or service). The value chain tracks the activities required to bring a product (or service) from its conception to fruition in terms of the value that is added to the product (or service) as it moves through the supply chain, which consists of the set of processes required for its completion and delivery [9] . The value chain serves to create an understanding of how, where, and how much of the value created by the product is achieved at various product refinement stages throughout the supply chain. The premise is that each activity along the value chain will create value that exceeds the cost of providing the product (or service), therefore resulting in net profit for the company [10] [11] [12] [13] . The goal of value chain optimization is to maximize the value achieved at each stage throughout the supply chain, while minimizing costs. The value chain, even though it is based on internal operations, also has connections with suppliers and retailers, and competition between any of them will damage the entire chain [14] . Porter [9] also emphasized the importance of cost reduction and/or reconfiguration of the value chain in order to obtain a competitive advantage in the marketplace. Value chains differ dramatically, based on the type of product being produced, and no single chain may be used to satisfy one industry [14] . Sathre and Gustavsson [15] emphasized that linking product processes and byproducts provides a beneficial approach for individual firms to add value and increase profit.
A set of firms or a linkage of separate agents, each with their own individual value chains that pass materials forward and bring products or services to the market, is called a supply chain [9] . During this review, it became apparent that there is some ambiguity about the concept of the value chain versus the supply chain. Many of the articles and reports we reviewed offered no differentiation between the two chains and in many cases used the two terms interchangeably. However, Mentzer et al. [16] sorted through the multitudes of varying definitions to provide a more cohesive view of the supply chain and defined supply chain "as a set of three or more entities (organizations or individuals) directly involved in the upstream and downstream flows of products, services, finances, and/or information from a source to a customer. " Despite this definition, confusion unfortunately still exists as evidenced by this review.
The value chain and, therefore, the supply chain can become both more productive and profitable if companies focus more of their attention on total supply chain costs instead of just parts of the supply chain in order to optimize performance and revenue [17] [18] [19] [20] [21] . Value chain optimization involves coordination between a (manufacturing) firm's various nodes, of the supply chain, through appropriate value chain governance at the operational level, which will allow for the overall supply chain to become more efficient as well [8] . Wood pellet manufacturers and other industry stakeholders need a precise understanding about distribution channels, sustainability, long-term forecasting, and methods to improve their operations within the wood pellet supply chain, to ultimately improve their value chain. Different operational management methods of the supply chain need to be identified for improvement, and the exploration of different modeling techniques will help in determining the best fit for wood pellet supply chain modeling under changing (market) conditions. In this paper, our examination of the peer-reviewed literature available to date provides this identification and exploration through a summary of the existence, and merit, of modern supply chain management techniques, while also gathering information on modeling techniques to support managerial decisionmaking. This summary allows member-companies of supply chains, mainly producers, to recognize shortcomings of their current management approaches and provides an excellent starting point from which an in-depth analysis of specific management techniques may be executed. Implementation of techniques most conducive to achieving improved efficiency and profitability of the operations of specific companies, and their supply chains, is the long-term goal of this review paper.
We have arranged this paper as follows. The methods section describes and presents the number of papers we reviewed in an organized fashion, relating to each objective. The results and discussion section contains subsections for each objective and explains the number of papers we found for objectives (i) to (iii), relative to the total number of papers we reviewed. We discuss the main points of the reviewed papers and how they relate to each objective and subobjective in the subsections of the results and discussion section. Under the sub-section for objective (iv) we highlight the literature gaps we discovered while searching for peer-reviewed studies relating to objectives (i) to (iii) and provide recommendations for future studies to fill these gaps. We conclude the paper with a recap of the main findings of this review and the benefit of filling the literature gaps we have highlighted.
Methods
This section describes the number of papers we reviewed and how we catalogued them under objectives and subobjectives. We examined a total of 153 sources and categorized them relative to the first three objectives of this research paper ( Figure 1 ). We reviewed a total of 23 journal articles and reports related to wood pellet production, characteristics, and certification in order to achieve objective (i) (Figures  1 and 2 ). We researched value chain and supply chain management perspectives through examination of 68 peerreviewed publications to fulfill objective (ii) (Figures 1 and 3 ). For execution of objective (iii) we reviewed 62 peer-reviewed publications in which models were developed to improve either value chain or supply chain efficiency (Figures 1 and  4) . We met objective (iv) through the realization of objectives (i) to (iii). Describing the wood pellet value chain Uncertainty, leanness, and agility Managerial involvement Demand-driven management approach Demand forecasting Demand for wood pellets and other biofuels 
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Results and Discussion
In this section, findings from our literature search relating to each specific objective are discussed in terms of the relative number of studies we found concerning each objective. The information extracted from these studies is summarized in order to determine the literature gaps that may be filled by future research.
Objective (i): Wood Pellet Production and Characteristics.
Of the 153 papers reviewed, we found only 15 (10%) describing the production process of wood pellets and/or explained their beneficial characteristics, of which only three (2%) gave an indepth analysis [3, 22, 23] , one of which was a Canadian-based study [23] . The basic steps in the pellet production process (from raw materials to pellets) include (i) drying, (ii) grinding, (iii) conditioning, (iv) pelletizing, (v) screening for fine separation, and (vi) packaging/storing of final product [22, [24] [25] [26] [27] . Raw materials for pelletization in many countries worldwide are mainly wood shavings and sawdust from the wood processing industry [25, 26, 28] . To create one tonne of pellets with moisture content between 7 and 10%, an approximate volume of 7.5 m 3 of sawdust must be processed (at moisture content of 50%) [1, 3] . Once formed and cooled, pellets are either filled automatically into small (i.e., 40 pound) bags for residential consumers or large bags (i.e., 650 kilograms) for larger customers or stored in bulk in silos or halls [3, 22] . Raw materials cost and (when using wet raw materials) drying costs comprise the majority of total pellet Journal of Renewable Energy Biomass-based supply chain models General supply chain models General value chain models Wood pellet value chain models Business plans or feasibility studies Theses production expenses [28] [29] [30] [31] . As pellet-plant size decreases, production cost increases [32, 33] . Densification of wood pellets, as a result of compaction, allows for greater homogeneity of the product, enhanced combustion efficiency, and efficient transport and storage [30, [34] [35] [36] . A study by Pa et al. [37] indicates that the combustion of wood pellets requires less primary energy than the combustion of undensified wood waste and that pellets emit lower levels of harmful emissions (i.e., carbon monoxide, nitric oxide, and particulate matter) than wood waste. Sultana and Kumar [38] used PROMTHEE (Preference Ranking Organization Method for Enrichment and Evaluation) to determine that wood pellets were superior to pellets made of other feedstocks, namely, straw, switchgrass, alfalfa, and poultry litter. This method was used considering 11 criteria, both quantitative and qualitative, under three differently weighted scenarios for use in large-scale heat and power generation plants. The results indicate that wood pellets were the "best source of energy" for all scenarios. Naik et al. 's [39] study also found specifically that Canadian pinewood had the best physicochemical characteristics and lowest detrimental emission levels as compared with other biomass samples.
Wood pellets are used for small-scale/residential systems, district heating, and cofiring with coal in large-scale power plants [5, 25, 34] . District heating refers to a network-bound heating plant that is centrally located and connected to a number of buildings (i.e., a residential "district" comprised of households or schools, smaller businesses, etc.) [3] . In North America, wood pellets are most commonly used in small-scale/residential heating systems, and modern versions of these small-scale systems have become automated to the point that they require only a minor amount of maintenance [3, 30] . High standards for pellet fuel quality are required in the residential sector, with a high level of homogeneity required to achieve fully automated operation and complete combustion in small-scale furnaces [22, 40] .
ENplus Certification
System. Prior to the implementation of the ENplus Certification System in 2011, European, Canadian, and US pellet-producing companies had significant variation in official country quality standards and guidelines [41] [42] [43] . We found only a few publications about pellet certification (Figure 2 ), presumably because of the lack of guideline cohesiveness and only recent development of the ENplus system. The ENplus System allows for convenient and effective compliance with the European standard EN 14961-2 [44] . The purpose of this certification system is to establish a standardized quality regime for wood pellets for heating and combined heat and power (CHP) up to 1 MW output power in residential, commercial, and public buildings [44] . The System will create a "level playing field" for pellet producers and will boost consumers' confidence that they are receiving a quality product [45] . Under ENplus standards operational processes including production, logistics, and delivery are controlled and made transparent by defining the requirements for technical facilities, operational procedures, and documentation [44] . This transparency allows for quick and easy problem identification and solving, therefore minimizing downtime of production facilities. The German Pellet Institute (DEPI) developed the ENplus System and licensed it to the European Pellet Council (EPC), which is an organization within the European Biomass Association (AEBIOM) [44] . The specifications of the System include three classes of pellet quality: ENplus-A1, ENPlus-A2, and EN-B [44] . ENplus-A1 is used in residential boilers or stoves and is the premium class of pellets, producing the least amount of ash and meeting the highest standards [41] . ENplus-A2 pellets produce a higher amount of ash during combustion and are used in larger boiler systems [41] . The industrial grade of pellets under ENplus is classed as EN-B [41] . Table 1 summarizes the spectrum of the crucial pellet parameters for each class. Additives to improve fuel quality must not exceed 2% of the total mass of the pellets (≤1.8% of the total pellet mass in production and ≤0.2% of the total pellet mass after production) [44] . Each certified producer (and trader) must display the ENplus certification seal on their product [44] . Producers and traders of wood pellets that have adopted ENplus certification standards are found in countries around the world including Austria, Belgium, Canada, Croatia, Czech Republic, Denmark, France, Germany, Italy, Lithuania, Poland, Portugal, Romania, Slovenia, Slovakia, Spain, Switzerland, the Netherlands, the US, and the UK [41] . Canada is making the switch to the ENplus standard; The Wood Pellet Association of Canada has already applied to receive the ENplus license for Canada [46] . Figure 3 , many studies were found Ash melting behaviour 4 ∘ C ≥1200 ≥1100 ≥1100 EN 15370
Objective (ii): Value Chain and Supply Chain Management. As demonstrated in
(1) As received; (2) dry basis; (3) a maximum of 1 w-% of the pellets may be longer than 40 mm; no pellets >45 mm are allowed; (4) deformation temperature;
sample preparation at 815 ∘ C; ( * ) w-%: percentage of total pellet mass. Source: [44] .
on supply chain and value chain management. However, very few studies specifically described the value chain [8, 18, 47] . The value chain of wood pellet manufacturers includes the determination of the value associated with each stage of the supply chain, which includes raw material procurement, inbound logistics of raw materials, processing of raw materials into pellets, and outbound logistics to the end consumer [24] . Procurement includes the location of raw materials, the species of raw materials in existence for wood pellet usage, and the original state of these accessible materials (i.e., roundwood, wood chips, sawdust, or wood shavings). Inbound logistics is the method of transportation required to move the raw material from its original location to the manufacturing plant for processing and includes scheduling decisions. Processing includes drying, grinding, pressing, cooling, and bagging/storage. Outbound logistics is the method of transportation used to deliver the pellets to the end consumer and also includes scheduling decisions. Transportation scheduling (logistics) is a very important component of the wood pellet value chain, as fuel prices and operator wages continue to increase, therefore requiring optimal transportation decisions to be made to avoid unnecessary costs. Pettersson and Segerstedt [48] define logistics cost as "cost components related to distribution or transportation cost and cost for warehouses, " in an attempt to offer clarity to the term and separate it from the term "supply chain cost, " which they define as "all relevant costs in the supply chain of the company or organisation in question. " In an expansive nation such as Canada, it is not feasible to transport cutter shavings, sawdust, and/or wood chips over long distances [4, 6] . It is worthwhile to transport the densified wood pellets, as they have a high BTU/volume ratio; however, the longer the haul distance for raw materials or finished pellets is, the less cost-effective it is for the producer [6] . Well-developed, seamless connections to marketing-sales and order-delivery processes are needed for efficient, cost-effective value chain coordination (i.e., backhauling) [49] [50] [51] . Rail transport is a very efficient and cost-effective means of moving wood pellets; however, not all producers have direct access to railways. Rail [52] has begun to more aggressively market their wood pellet transportation opportunities to Canadian producers. They offer the flexibility to ship wood pellets in bulk, bags, boxcars, and intermodal containers. Rail [52] ships over 800,000 t of wood pellets annually and is ranked as "North America's number 1 mover of forest products. " 3.2.1. Uncertainty, Leanness, and Agility. When considering modeling of the (wood pellet) value chain within the manufacturing firm, agility must be achieved to account for differences in specifications and types of wood pellets, as well as differences in procurement, processing, and distribution methods and locations. Value chain models should be created with the intent to readily change these inputs based on market demand and should reduce operational planning cycles [49] . Operational planning cycles include all activities that must be planned to ensure successful operation of a business in a very short-term time period (i.e., one week) [49] . In recent years the trend in supply chain management has been to make supply chains (and their integrated value chains) more agile, flexible, and responsive [53] [54] [55] [56] [57] . This trend is illustrated by Figure 3 , which shows that we reviewed 14 publications specifically addressing these supply chain attributes.
Mathematical models have been used as decision support tools to assist managers in decision-making processes for strategic, tactical, and operational level planning. Operational-level management must focus on short-term productivity and process optimization to meet changing market trends [58] . Cost forecasting under uncertainty can lead to inaccurate model results; therefore, uncertainty must be remedied by increasing clarity and accuracy of input information [59] . "Decisions are made under certainty when perfect information is available and under uncertainty when one has only partial (or imperfect) information" [50] . Deterministic models serve as a "solid foundation" for value chain network design; however, deterministic models do not handle uncertainties and changes in information [50] . Therefore, stochastic models must be used which take into account realistic factors that affect business operations, including (but not limited to) raw material prices, energy costs, market demand for the end product(s), the cost of labour, retail price(s) of the finished product(s), and exchange rates [50, 60] .
Leanness in a firm's value chain refers to its ability to "do more with less" and minimize (or eliminate) waste in its operations with cost leadership and cost performance strategies [61] [62] [63] [64] . Agility in a firm's value chain encompasses operational flexibility performance and responsiveness to changes in information, such as product volume and/or logistics scheduling fluctuations [65] [66] [67] [68] . Agility must also be applied not only within the individual firm's value chain but also throughout the supply chain as part of the partner selection process to create agile supply chains [69] . Both agility and leanness are strategies useful for developing or maintaining a competitive advantage in an uncertain marketplace.
Managerial Involvement.
During this review, we uncovered six papers addressing the importance of managerial involvement in value chain and supply chain optimization [70] [71] [72] (Figure 3 ). Supply and demand are dynamic and ongoing processes; and, therefore, managing the value chain of a company should be considered as an ongoing relationship between suppliers, the manufacturing firm and, end consumers [71] . The more involved management becomes with the value chain, the more they may visualize linkages of the value chain with the overall marketing strategy and goals of the firm, and the more likely management is to follow through with the successful application of the value chain at the operational level [72] . Gooch [70] found that, even when value chain optimization strategies are implemented within a firm, human resistance is inevitable and can seriously detract from the effectiveness of the management plan. Sometimes managers are even confused by the propositions and/or realize that the value chain model is being incorrectly used and therefore refuse to support it rather than work to improve its usage [64] . Unfortunately this resistance to change seriously affects the performance of the firm.
When dealing with complex value chains, identification of the critical value network locations is a useful managerial approach [73] . Lind et al. [13] emphasized that managing the working capital (short-term finance flow) of a company and its supply chain should be a major focus instead of just managing the flow of goods through the supply chain. Cantor and Macdonald [74] reviewed management problem-solving approaches within the supply chain and found that a more abstract approach to decision making may actually achieve better overall results than a more concrete approach. Cantor and Macdonald [74] discussed the fact that having complex, system-wide knowledge (more information) overwhelmed many managers, leading to poor decision making. Therefore, the use of a decision support system can simplify the overload of information and help managers make better decisions while still having all available information at their fingertips.
Demand-Driven Management
Approach. Demanddriven supply networks aim to link the supply/production rate directly to the level of actual demand for a specified time period in order to enable the manufacturer to respond in real-time to shifts in the level of demand and gain insight into general demand trends for their product(s) [49, 75] . The "upstream" component of the manufacturing value chain is the origin of the raw materials used to produce a product and the transportation of these materials to the processing facility, while the "downstream" component of the value chain follows processing to distribution of the final product to the end consumers [76] . Most companies, by default, examine their supply chains and value chains from an "upstream to downstream" perspective (as a directional flow), meaning that they operate by creating the product based on capacity, with some concept of forecasted market demand, and "push" the product out into the marketplace and also examine associated value creation in this manner [77] [78] [79] . Neumann et al. [62] conducted surveys of various companies only to find that even when it came to incorporating lean production techniques, very few companies used a demandpull strategy. The findings of this review are in accordance with those of Neumann et al. [62] , as only six (9%) of the 68 papers studied for objective 2 discussed the effectiveness of demand-driven management approaches [49, 75, 76, [80] [81] [82] (Figure 3 ). Demand Forecasting approaches were also considered by three of the six papers in objective 2 addressing demand-driven management [49, 75, 82] .
Demand-driven management adopts the value chain's downstream to upstream perspective (as a directional flow) and applies it to the supply chain. This application allows for production to become a reactive process based on the signals sent by real-time demand to the upstream (procurement) end of the supply chain and the product is "pulled" through the supply chain and/or value chain by the quantity demanded, instead of being "pushed" out into the market [83, 84] . Demand-driven models, used to support demand-driven management techniques, are very advantageous for many reasons. These reduce, or eliminate, inefficiencies throughout the supply chain and allow for a "smooth product flow", have shown significant improvements in utilization processes, improve inventory management and achieve optimal production capacities, and are more successful at responding to supply fluctuations [84, 85] .
Demand Forecasting.
Demand forecasts are crucial to provide input for demand-driven planning systems. Multiple approaches are available to forecast demand. Vinterbäck [86] , and Hosoda, and Disney [87] discuss some of these approaches, including exponential smoothing, the naïve approach, moving average, autoregressive (AR), autoregressive integrated moving average (ARIMA), autoregressive extra (ARX), vector autoregressive (VAR), neural networks and the quantile regression method. However, these methods have not been proven to be overly effective and still allow for inaccurate demand prediction at each level throughout the supply chain, resulting in the bullwhip effect, which is amplification in demand variability when moving upstream through a value chain or supply chain [88] . Therefore, we are considering the new approaches currently being researched to increase the forecasting accuracy. Multilayer perception (MLP) is an approach that generalizes either linear or nonlinear functional relationships between inputs and outputs [88] . Yousefi et al. [82] designed a comprehensive demand response (CDR) model for a Retail Energy Provider agent in an agent-based retail environment to offer real-time energy prices to customers. Yousefi et al. [82] found that the CDR model gave a better representation of customers' historical behavior for future demand prediction. We only found four papers in our review that addressed demand forecasting [50, 79, 87, 88] , while another three papers, which we categorized as demand-driven management papers, also addressed demand forecasting approaches [49, 75, 82] .
Demand for Wood Pellets and Other Biofuels.
Of the 68 papers reviewed for objective 2, 33 (49%) considered market demand for wood pellets and other biofuels (Figure 3) . North America began producing wood pellets for a small niche market in the 1930s, with a significant market growth spurt occurring in the 1970s, followed by rapid market development in the 1990s as a result of increased consumption in Europe [89, 90] . In Canada in 1997 pellet production was only 173,000 t, of which roughly two-thirds were exported to the US, but from 1997 to 2007 Canada went from exporting 0% to 63% of its pellets to the European market, which displaced the US from its position as Canada's major trade partner [3] . In 2010, wood pellet production was less than 70% of design capacity in Europe, implying a lack of natural resources for pellet production, and, therefore, indicating a need for pellet import [5] . Imported biomass comprises between 21% and 43% of Europe's total available biomass [6] . Canada is now one of the world's leaders with regard to production and trade success of wood pellets because of many contributing factors, including its surplus of natural resources, low-cost mill residue, excess pellet production capacity, and abundance of export opportunities [91] [92] [93] [94] .
Obernberger and Thek's [3] prognosis for Canada was for 5.5 Mt to be produced in 2010. However, the production capacity of Canada in 2010 was only 2.08 Mt per year and in 2011 it expanded to 3.22 Mt per year (a 55% growth from 2010 to 2011). However, not all production plants are (or were) operating at full capacity due to market conditions [95, 96] .
Market studies on Canada and other relevant countries show that Canada is lacking in domestic wood pellet demand as compared with these other countries; therefore most of Canada's pellet production is exported [95, 97] . However, some of these studies have noted that there is a rising trend in Canada's domestic consumption of wood pellets and that Canada has great potential for growth with regard to domestic pellet consumption [92, 94, 98] . Junginger et al. [6, 98] identify logistics as the most influential trade barrier for wood pellets, while development of technical standards presents itself as a major opportunity for wood pellet trade. Wolf et al. [31] identified the need to more efficiently produce biomass in order to meet expanding market demand and studied the effectiveness and feasibility of biofuel production in the forestry industry.
There has been rapid growth in the worldwide production and consumption of wood pellets and other biomasses within the last decade [99, 100] . Canada, the US, Korea, and countries throughout Europe exhibit this global trend [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] . A factor contributing to the onset of this trend is favourable government policy implementation, which has allowed for an effective increase in pellet production and consumption [99] . Provincial governments throughout Canada have successfully implemented various initiatives to promote renewable energy production and usage. For example, Ontario's Green Energy Act of 2009 applied a Feedin-Tariff (FIT) program that offers price incentives for new electrical generating stations that are fueled by renewable resources [111] . Aboriginal, or first nation, communities in Ontario have also begun the process of adopting renewable energy initiatives. The community of Pic River First Nation has various current and future renewable energy projects and is actively participating in knowledge and information sharing with other first nations communities across Ontario and Canada [112] .
Average worldwide demand (consumption) for wood pellets increased from 3. [5] . Sweden is one of the world's largest producers and consumers of wood pellets, due mainly to its favourable taxation system towards biofuels, ubiquitous district heating systems, and abundance of raw materials [97] . Pellet usage for heating/energy allows for improved fuel supply security (from a renewable resource viewpoint) and stimulates local and regional job creation and overall economic development [110] . Generally, the availability of forest resources, the demand for forest fuels, and machine and labour costs are the defining factors behind (wood pellet) prices [32, 34] . Other factors contributing to the global success of the wood pellet industry include the automation of heating systems, logistics infrastructure, national funding systems coupled with marketing programs and public awareness campaigns, and price increases in the oil and gas sector [113] . As the marketplace expands and demand for wood pellets increases, if the demand for pellets exceeds the current capacity of production plants, they will have to increase capacity in order to satisfy demand and remain competitive [32] .
Objective (iii): Supply Chain and Value Chain Models.
Papageorgiou [60] identifies two broad categories for supply chain models: mathematical programming models and simulation models. He explains that mathematical models are used for optimizing high-level decisions with an aggregate view of operational processes, while simulation-based models [119, 120] are more accurate as they study detailed, dynamic operations under uncertainty.
Supply Chain Models.
We discovered that many general supply chain models have been developed, covering a wide variety of products (Table 2) . Biomass includes all plant and plant-derived materials (including animal manure!) that can be considered a part of the present carbon cycle [114] . Using this broad definition, there have also been many supply chain models created relating to biomass (Table 2 ).
Value Chain Models.
We found that relatively few academic research papers have been published specifically on value chain modeling [115, 116] . There were three studies Journal of Renewable Energy 9 found specifically on wood pellet value chain analysis [24, 30, 113] . Other sources found were five feasibility studies for actual biomass and wood pellet production facilities [117] [118] [119] [120] [121] and three university theses on wood pellet production and feasibility [122] [123] [124] . Refer to Table 2 below for a comprehensive list.
3.3.3.
Demand-Driven Models. Our review uncovered only two papers discussing and utilizing demand-driven approaches to modeling [83, 84] and these were both supply chain models (Table 2) .
Objective (iv):
Perspective. This section explains the gaps in the existing literature based on the findings of our review for each objective. We identify suggestions for future studies that may successfully fill in these gaps.
Literature Gaps and Recommendations for Future
Research. There is a need for more (Canadian) studies specifically about wood pellet production methods and characteristics. The low number of Canadian-based value chain and supply chain studies indicates a rather large gap that needs to be filled as well. There is a need for more value chain models in general but especially those relating to wood pellet production. Going hand-in-hand with the value chain gap is the gap relating to managerial involvement, as defined in Section 3.2.2. Future studies focused on value chain optimization can be paired with guidelines for convenient and effective managerial execution. There is also a great need for dynamic, demand-driven models within the value chain and the supply chain. This need may be coupled with the necessity of more accurate and effective demand forecasting methods. By employing capacity-optimization techniques similar to those outlined in previous studies [32, [125] [126] [127] pellet production costs may be minimized as a function of plant capacity, utilizing realtime information and emulating stochastic market demand. Following the lead of Trapero et al. [88] and Yousefi et al. [82] and building upon their results would produce cutting-edge demand forecasting methods to improve demand-driven modeling approaches.
Conclusions
The available literature associated with wood pellet production and characteristics, value/supply chain management concerns and value/supply chain modeling techniques was explored in this review paper. The results show that relatively few published studies provide an in-depth account of wood pellet production, pellet plant feasibility and wood pellet value/supply chain management. There are also very few papers explaining the overall concept of the value chain. We discovered only a small number of Canadian-based studies during this review as well. Future studies to fill these gaps, particularly within the realm of the value chain for Canadian pellet-producing companies, should be conducted. These studies would not only be beneficial to the producers but also to the companies linked to the producers within the supply chain. Currently, measures are being taken to expand Canada's bioeconomy; therefore new studies demonstrating feasible projects relating to the bioeconomy, with improved supply chains and value chains, are essential to promote this expansion. Implementation of modern demand forecasting and demand-driven supply chain management techniques will improve the operations of current facilities and most effectively manage the operations of new facilities.
